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genes in producer organisms can lead to the production of analogs at low cost by high yielding fermentation processes. 1, 2) This approach is being applied to polyene macrolides, antifungal antibiotics that are also active against pathogenic prion proteins, Leishmania parasites, and enveloped viruses. 3) One of the most important of these polyenes is amphotericin B (1), produced
by Streptomyces nodosus ( This is assembled by a modular polyketide synthase that also forms the 28-29-dihydro analog 3 (8-deoxy-16-descarboxyl-16-methyl-amphoteronolide A) as a co-metabolite. 4) 2 and 3 undergo the same three late modifications to form the final products amphotericins B (1) and A. AmphN cytochrome P450 oxidizes the C-16 methyl branch to a carboxyl group, the AmphDI glycosyl transferase (GT) catalyzes transfer of a mycosamine (3-amino-3,6-dideoxy-D-mannose) residue to C-19, and the AmphL P450 catalyzes hydroxylation at C-8.
5)
Deletion of the amphN gene yields less toxic analogs in which the carboxyl group at C-16 is replaced with a methyl group. 6, 7) In this study, we took a step towards further improvement by glycosylation engineering, a developing 3 technology that is being applied to other natural products. Altering sugar residues has enhanced the properties of doxorubicin, glycopeptide antibiotics, and several other bioactive compounds. This organism produces perimycin, an aromatic heptaene that is glycosylated with perosamine (4-amino-4,6-dideoxy-D-mannose) rather than mycosamine. Chemical modification studies have shown that this increases water-solubility and reduces toxicity. 11, 12) Alteration of GT substrate specificity requires replacement of key amino acid residues or domain swapping. 13, 14) The task is challenging and requires systems for testing large numbers of recombinant transferases for novel activities. For polyene GTs, a rapid and sensitive assay might be based on the fact that aglycones are not antifungal, whereas glycosylation confers activity. Detection of antibiotic activity is amenable to high-throughput screening. In contrast, product isolation and characterization is time consuming. Transformation with empty pIAGO vector had no effect on polyene production by DI-DII-NM (Fig. 3, panel A) . In strain DI-DII-NM, the plasmid-encoded AmphDI catalyzed efficient conversion of 2 to the deoxyhexosylated form 4 ([M + Na] + = 917.5) (Fig. 3, panel B) . Aglycone 3 was also deoxyhexosylated to give There has been significant progress in the characterization of the PimD cytochrome P450 that oxidizes the polyol chain of the tetraene pimaricin. Samples analyzed on lanes 1 and 2 were untreated controls, those in lanes 3 and 4
were treated with Sph I. The primers used were AmphDI-F and AmphDI-R. In the LC-MS analyses, heptaenes were detected by monitoring the A 405 of the column eluent. The relevant sections of the various chromatograms are shown.
The separation of each peak into a doublet is an artifact. Heptaenes 2, 4, and 6
were identified by their molecular masses. 
